Purpose The purpose of this study was to investigate the effect of 21-gene recurrence score (RS) on predicting prognosis and chemotherapy decision in node micrometastases (N1mi) breast invasive ductal carcinoma (IDC).
Introduction
With advances in diagnostics, histopathology, and molecular analysis of breast cancer, an increasing number of patients are being diagnosed with node micrometastatic disease ( 2 mm axillary node metastasis, N1mi) [1-3], accounting for approximately 15% of all node-positive patients [4] . There is dispute about the clinical value of N1mi disease in breast cancer. Several early studies showed similar outcomes between node-negative (N0) and N1mi breast cancer [5] [6] [7] . The treatment algorithms in N1mi disease are regarded as equal to N0 disease in the current National Comprehensive Cancer Network (NCCN) guidelines [8] . However, in more recent studies, patients with N1mi disease had worse prognosis compared to those with N0 disease [9, 10] . There is a paucity of prospective studies to address the effectiveness of chemotherapy in N1mi patients. Gene expression profiling can provide better risk stratification than traditional clinicopathologic characteristics and can more accurately predict the outcome of chemotherapy for breast cancer patients. Personalized treatment through use of specific tumor biology can potentially reduce unnecessary chemotherapy and is key to precision care for breast cancer [11, 12] .
The 21-gene recurrence score (RS) assay (Genomic Health, Inc., Redwood City, CA) employs reverse-transcriptase polymerase chain reaction to assess the expression of 16 related genes and five reference genes from breast cancer tissue, and reports an RS providing a stratification of long-term distant relapse risk and to determine the survival benefit of chemotherapy receipt [13, 14] . The current NCCN guidelines have stated that 21-gene RS testing can be considered in N0 and one to three positive lymph nodes (N1) disease to guide the decision for adjuvant therapy [8] . The 21-gene RS assay is also recommended in patients with N1mi disease. However, limited studies are available to assess whether the 21-gene RS results are useful in guiding decisions regarding chemotherapy beyond standard clinicopathologic characteristics [15] . In light of this, we performed a population-based study to assess the predictive and prognostic value of the 21-gene RS assay on decision for chemotherapy in N1mi patients.
Materials and Methods

Patients
The Surveillance, Epidemiology, and End Results (SEER) program is a population-based cancer registry maintained by the National Cancer Institute. It records cancer incidence, the first course of treatment, and vital status for approximately 28% of the population of the United States. The SEER 18 Regs (Excl AK) Custom Data Malignant Breast (with Oncotype DX and Additional Treatment Fields) dataset was released in 2017, which including Oncotype DX related variables for invasive breast cancer patients diagnosed between 2004 and 2015 [16] . We have obtained permission to access the SEER database (Authorization Code: 11025-Nov2016). The SEER was queried to identify patients diagnosed with stage T1-2 (tumor size  5 cm), N1mi, and estrogen receptor (ER)-positive breast invasive ductal carcinoma between 2004 and 2015. The subtypes of invasive ductal carcinoma including infiltrating duct carcinoma not otherwise specified (8,500 /3), infiltrating duct and lobular carcinoma (8,522/3), and infiltrating duct mixed with other types of carcinoma (8,523/ 3), according to the International Classification of Diseases for Oncology, 3rd edition. Patients with no positive pathology diagnosis, as well as those with data unavailable for race/ethnicity, progesterone receptor (PR) status, tumor grade, and/or surgical procedure were excluded.
Patient variables
The following demographic and clinicopathological variables were included for analysis: year of diagnosis, age, race/ ethnicity, tumor size, grade, PR status, surgical procedure, radiotherapy, chemotherapy, traditional RS cutoffs, and Trial Assigning Individualized Options for Treatment (TAILORx) RS cutoffs. All patients were staged using the American Joint Committee on Cancer system 6th edition, those with nodal spread limited to micrometastases no larger than 2 mm were defined as N1mi stage. Traditional RS cutoffs was classified as low-risk (RS < 18), intermediate-risk (RS 18-30), or highrisk (RS > 30) [17] , and the optimized RS cut-offs (TAILORx RS cutoffs) were classified into low-risk (RS < 11), intermediate-risk (RS 11-25), and high-risk (RS > 25) groups [18] . Data on human epidermal growth factor receptor-2 (HER2) status began to be recorded in 2010. Therefore, we only assessed the HER2 data after 2010. The primary endpoint of this study was breast cancer-specific survival (BCSS).
Statistical analysis
The patient variables between treatment arms were compared using chi-square test. Predict factors associated with chemotherapy receipt were assessed using binomial logistic regression. BCSS was evaluated using Kaplan-Meier methods and the log-rank test for patients diagnosed between 2004 and 2012. Multivariable Cox regression was performed to assess for variables that had an impact on BCSS in patients diagnosed between 2004 and 2012. We did not include the HER2 status in the prognostic analysis. All analyses were performed using IBM SPSS ver. 22.0 (IBM Corp., Armonk, NY). A p-value < 0.05 was considered statistically significant.
Ethical statement
Using data from SEER was exempt from Institutional Review Board approval because patient information is de-identified.
Results
We identified 4,758 patients. Patient characteristics are presented in Table 1 . Fig. 1 72.6%), and PR-positive status (n=4,418, 92.9%). In 3,853 patients with HER2 status available, most patients were HER2 negative disease (n=3,788, 98.3%). The median RS in this study was 16 (range, 0 to 81). In the traditional RS cutoffs, a total of 2,831 (59.5%), 1,634 (34.3%), and 293 (6.2%) patients were in the low-, intermediate-, and high-risk RS groups, respectively, while 22.2% (n=1,057), 64.6% (n=3,076), and 13.1% (n=625) were in the TAILORx RS cutoffs, respectively. We included 1,403 patients (29.5%) treated with adjuvant chemotherapy, and 70.5% (n=3,355) of patients did not receive adjuvant chemotherapy. Patient characteristics differed significantly depending on whether chemotherapy was given (Table 1) . Patients with diagnosis at later years (p < 0.001), younger age (p < 0.001), poorly/undifferentiated disease (p < 0.001), T2 category (p < 0.001), PR-negative disease (p < 0.001), no receipt of radiotherapy (p=0.007), and higher RS were more likely to receive chemotherapy. In the traditional RS cutoffs, 14.0%, 47.7%, and 77.8% of patients in the low-, intermediate-, and high-risk RS groups received chemotherapy, respectively, and 10.6%, 27.0%, and 73.4% of patients in the TAILORx RS cutoffs received chemotherapy, respectively. The percentage of chemotherapy receipt in different 21-gene RS groups by year of diagnosis is presented in Fig. 2 . The results of binomial regression analysis showed that year of diagnosis, age at diagnosis, tumor grade, traditional RS cutoffs, and TAILORx RS cutoffs were independent predictors for chemotherapy receipt ( Table 2) .
We only included patients diagnosed between 2004 and 2012 to analyze prognostic factors related to BCSS (n=2,599) ( traditional RS cutoffs, the 5-year BCSS rates were 99.3%, 97.4%, and 91.9% in patients with low-, intermediate-, and high-risk RS groups, respectively (p < 0.001) (Fig. 3A) . In the TAILORx RS cutoffs, the 5-year BCSS rates were 99.4%, 99.1%, and 91.5% in patients with low-, intermediate-, and high-risk RS, respectively (p < 0.001) ( Fig. 3B ). Chemotherapy receipt was not associated with better BCSS in the three models.
We further assessed the impact of chemotherapy on BCSS in different 21-gene RS groups ( Table 4 ). The results of multivariate Cox analysis showed that using both traditional RS cutoffs and TAILORx RS cutoffs, the receipt of chemotherapy did not correlate with better BCSS in patients with low-, intermediate-, or high-risk RS groups. The BCSS curves by whether chemotherapy was given are shown in Fig. 4A 
Discussion
In this study, we assessed the impact of 21-gene RS testing in chemotherapy decision for patients with stage N1mi breast cancer. Our results indicate that similar to patients with N0 breast cancer, 21-gene RS assay results are also associated with the percentage of chemotherapy receipt in N1mi
Wei-Rong Chen, 21-Gene RS and Chemotherapy in N1mi Breast Cancer There was a significant difference in the percentage of chemotherapy receipt among patients with N1mi disease. In a study from the National Cancer Database, 56.5% of patients were treated with chemotherapy after mastectomy [19] . However, in one study from Sweden, only 24.4% of patients with N1mi disease received chemotherapy [9] . In our study, 29.5% of patients received chemotherapy, and these patients tended to be younger, diagnosed in early years, had more high-grade tumors, and had a higher RS compared to those patients not treated with chemotherapy. The rates of chemotherapy receipt among the low-risk RS group decreased over the study period. In our study, 59.5%, 34.3%, and 6.2% of patients were in the low-, intermediate-, and high-risk RS groups using the traditional RS cutoffs, respectively, which was similar to patients with N0 and N1 disease [20, 21] . In addition, 14.0%, 47.7%, and 77.8% of patients received che-Cancer Res Treat. 2019;51(4):1437-1448 motherapy in the low-, intermediate-, and high-risk RS groups using the traditional RS cutoffs, respectively, which was also similar to the distribution observed among N0 and N1 patients, providing support for the similarity of breast cancer gene expression levels in these patient populations [20] . Our findings indicate that patients with high RS results were more likely to receive chemotherapy compared to those with a low RS. These findings suggest that 21-gene RS test results also have clinical utility in guiding chemotherapy decision for N1mi patients. Several previous studies have indicated that there is no sig-nificant difference in survival outcomes between patients with N1mi disease and those with N0 disease [5, 6, 7, 22] . However, other studies provide evidence that N1mi status confers a worse prognosis compared to patients with N0 disease [9, 10] , and adjuvant therapy may improve disease-free survival [23] . Our results indicate that 21-gene RS testing may also provide prognostic information for patients with N1mi disease. Higher RS were related to a higher risk of breast cancer-related mortality. A study from a large prospectively designed registry also showed that the 5-year distant relapse rate in low-, intermediate-, and high-risk RS was
Wei-Rong Chen, 21-Gene RS and Chemotherapy in N1mi Breast Cancer There is a paucity of prospective data to address the value of chemotherapy in N1mi patients. A study from the Netherlands showed that adjuvant therapy may improve diseasefree survival. However, only a limited number of patients were treated with chemotherapy, and most of them received hormonal therapy [23] . A recent study from the National Cancer Database found that receipt of chemotherapy was related to better overall survival (HR, 0.55; 95% CI, 0.48 to 0.64; p < 0.001) [19] . However, there was potential selection bias because the results of BCSS were not reported. In our study, we only included patients with favorable clinicopathological features including small tumor size and ER-positive disease, and we did not find that receipt of chemo-Wei-Rong Chen, 21-Gene RS and Chemotherapy in N1mi Breast Cancer [25] .
In patients with N0 and N1 disease, several studies have found that chemotherapy receipt was associated with better outcomes among patients in the high-risk RS group, but was not related to better outcomes in low-and intermediate-risk RS groups [13, 14] . However, our study could not identify a specific 21-gene RS subgroup which may benefit from chemotherapy. The results were similar among patients with traditional RS cutoffs or TAILORx RS cutoffs. In the recommendation of the ASCO panel, chemotherapy may offer no survival benefit in patients with an estimated distant recurrence risk of less than 15% at 10 years using the 21-gene RS test [25] . In our study, even among patients in the high-risk RS group, the 5-year BCSS was 91.9% and 91.5% using traditional RS cutoffs or TAILORx RS cutoffs, respectively, suggesting that patients with high-risk RS may also not benefit from chemotherapy. However, our study could not draw a conclusion regarding the predictive value of the 21-gene RS assay on chemotherapy. More studies are needed to investigate the role of chemotherapy in patients with N1mi disease.
In our study, patients with non-Hispanic Black had poor survival outcome than non-Hispanic White in the low-risk RS group with traditional RS cutoffs, and patients with other race/ethnicity had poor survival outcome compared to non-Hispanic White in the intermediate-risk RS group with TAI-LORx RS cutoffs. Racial disparities in mortality in different 21-gene RS groups may be related to the racial differences in tumor biology among hormone receptor-positive, HER2negative breast tumors [26] . Therefore, advancement of our knowledge in the biologic diversity of 21-gene RS testing among different race/ethnicity groups could lead to improvement in survival outcomes.
This study is limited by the retrospective design and the potential for selection bias. Second, we do not have specific information regarding endocrine therapy, endocrine therapy adherence, chemotherapy regimen, the sequence of chemotherapy and surgery, as well as disease recurrence after primary treatment and history of treatment after disease recurrence. However, in the United States, the taxane-based regimens had a sharp increase after 2005, and the majority of patients were receiving taxane-based chemotherapy, especially for patients who received 21-gene RS testing [27] . In addition, the outcomes of our study were similar to previous prospective trials including T1-2N0, ER-positive, and HER2negative breast cancer patients who received endocrine therapy with or without chemotherapy [18, 28] , suggesting that most patients also adhered to adjuvant endocrine therapy in our study. Third, HER2 status and the receipt of anti-HER2 therapy were not available in the current SEER database. However, most patients with HER2 status available were HER2 negative disease (98.3%). Therefore, we can assume that the vast majority of patients in our study have their 21-gene RS testing based on clinical practice recommendations [29] . Moreover, as the median follow-up time in our study was only 58 months, longer-term results are needed to draw definitive conclusions on the utilization of 21-gene RS testing in prognostic assessment and chemotherapy decisionmaking of N1mi disease. Finally, it has been indicated that there are many inaccuracies in the SEER program, with high rates of under-reporting for chemotherapy receipt [30] . However, the primary strength of our study is that we assessed the impact of 21-gene RS testing on chemotherapy decision for N1mi disease, using a large population-based cancer registry.
In conclusion, our study suggests that the 21-gene RS assay does predict prognosis and impact on chemotherapy decision-making in breast cancer patients with N1mi disease. Further study with a large cohort and long-term outcomes is needed to establish the outcome of chemotherapy in N1mi patients by different 21-gene RS groups.
